Background: Both adductor canal block (ACB) and periarticular infiltration (PI) have been shown to reduce pain after total knee arthroplasty (TKA) without the motor blockade. However, the efficacy and safety of combined ACB with PI (ACB + PI) as compared to PI alone for analgesia after TKA remains controversial. We therefore performed a meta-analysis to compare the effects of ACB + PI with PI alone on pain controll after TKA.
Introduction
Total knee arthroplasty (TKA) is one of the most successful surgical procedures to treat patients with end-stage knee osteoarthritis. However, TKA can be associated with moderate to severe pain in the early postoperative period, affecting the quality of life and rehabilitation of patients undergoing TKA. [1] An ideal analgesia regimen in TKA should preserve knee mobilization ability, enable earlier physical therapy, hasten recovery, shorten hospital stay, lower the risk of postoperative complications, and improve patient satisfaction. [2, 3] The traditional analgesic techniques for TKA patients are patient-controlled analgesia (PCA) opioids, epidural analgesia (EA), and femoral nerve block (FNB). Patients who received PCA often complained about nausea, vomiting, and pruritus. [4] The use of EA is usually associated with side effects such as hypotension, urinary retention, and pruritus. [5, 6] FNB has been part of the standard postoperative pain relief protocols following TKA in last decade, which has many advantages over PCA or EA in TKA. [6, 7] However, FNB reduces the strength of the quadriceps muscle, which may increase the risk of postoperative falls and delay early postoperative mobilization, influencing patient satisfaction. [8, 9] Thus, an analgesic option with preserved motor function and adequate analgesia for TKA patients still remains a challenge for the surgeons.
Recently, there has been increased interest in the ultrasoundguided adductor canal blockade (ACB) for pain management after TKA with obvious advantages. The adductor canal involves the vastus medialis nerve, medial femoral cutaneous nerve, articular branches from the obturator nerve, as well as the medial retinacular nerve in addition to saphenous nerve that innervate the medial, lateral, and anterior aspects of the knee. [3, 10] In theory, ACB is almost a pure sensory nerve block, which only influences the motor function of vastus medialis due to its impact on nerve to the muscle as it traverses the adductor canal, [11] and thus may largely decrease the incidence of fall. [11, 12] Moreover, multiple clinical studies [3, 10, 11] and several meta-analyses [13, 14] have reported that ACB could provide quadriceps muscle strength preservation, better ambulatory ability, and earlier functional recovery with similar analgesic effects and morphine consumption as compared to FNB in patients after TKA. Periarticular infiltration (PI) is an alternative regional anesthesia technique with a combined administration of local anesthetics, NSAIDs, and epinephrine injected into the knee joint during the operation, which has quickly gained popularity in TKA patients for its simplicity, apparent safety, and effectiveness over the last decade. [15] Meanwhile, PI has been shown to have an effective pain control after TKA without the motor blockade associated with EA or FNB. [15] [16] [17] These studies demonstrate that both ACB and PI have been shown to reduce pain after TKA without the motor blockade and impairing quadriceps function. However, the duration and efficacy of a single-dose PI are not sufficient after TKA. [18] Several studies have utilized the insertion of an intraarticular catheter to prolong analgesia, but no positive benefits of this technique after TKA could be identified, in contrast it may increase expense, pain, and possibly infection risks. [19, 20] An ACB in addition to single-dose PI may improve and prolong analgesia without interfering with early ambulation. Andersen et al [18] found that the combination of ACB and PI offered better pain relief than PI alone. In contrast, Perlas et al [21] did not find any difference in pain relief compared to PI alone. Whether ACB combined with PI offers superior analgesia and faster early postoperative recovery than PI alone after TKA still remains controversial. Thus, we conducted a meta-analysis to ascertain if combination of ACB and PI is superior to PI alone in reducing pain and morphine consumption in primary TKA.
Materials and methods
This meta-analysis was carried out in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses reporting guidelines for the meta-analysis of intervention trials. [22] Ethical approval for this study was unnecessary because it was a review of existing literature and did not involve any handling of individual patient data.
Search strategy
PubMed, Medline, Embase, Web of Science, and the Cochrane Library were searched up to July 2016 for comparative studies involving combined ACB with PI and PI alone for reducing pain in patients undergoing TKA. Search terms were: "saphenous nerve block" OR "adductor canal block" OR "infrapatellar block" OR "subsartorial canal block" AND "periarticular infiltration" OR "local infiltration analgesia" OR "intraarticular infiltration" AND "total knee arthroplasty" OR "total knee replacement." The language of publications was limited to English. The title and abstract of studies identified in the search were reviewed to exclude clearly irrelevant studies. Reference lists of all eligible studies and relevant reviews were searched manually for additional trials.
Inclusion criteria and study selection
We identified studies comparing combined ACB with PI and PI alone in patients undergoing primary TKA. The primary outcomes included pain score with rest or activity and distance walked. Secondary outcomes were morphine consumption, length of hospital stay, and postoperative complications. Articles that reported at least one outcome were included and those without the outcome measures of interest were excluded. Letters, comments, editorials, and practice guidelines were excluded.
Data extraction and quality assessment
Two authors independently reviewed all titles and abstracts of studies identified by searches according to the eligibility criteria described above. Full texts of articles that met the inclusion criteria were reviewed thoroughly. Disagreements were resolved by discussion to reach consensus. Data on patient characteristics (age, sex, and other baseline characteristics), intervention, and outcomes were extracted in duplicate by the 2 authors using a standardized form. Data in other forms (ie, median, interquartile range, and mean ± 95% confidence interval [CI]) were converted to mean ± standard deviation according to the Cochrane Handbook. [23] If data were not reported numerically, we extracted them by manual measurements from published figures. When necessary, we contacted the corresponding authors of the included studies to confirm that the information met our criteria.
Methodological quality of randomized control trials (RCTs) was assessed using a modified version of the Jadad Scale (0 ["very poor"] to 7 ["rigorous"]) was used to assess the methodological strength of a clinical trial. The modified Jadad Scale (mJS) contained 2-questions each on randomization and masking, and 1 question on the reporting of dropouts and withdrawals. [24] The Newcastle-Ottawa Quality Assessment Scale (NOQAS) was used for nonrandomized control trials (nRCTs). The NOQAS is used to assess population selection, comparability of exposed and unexposed, and adequacy of outcome assessment (including ascertainment and attrition of outcome). [25] Data extraction and quality assessment were undertaken independently by 2 of the authors. If there were disagreement, the 3rd author discussed until consensus was reached.
Statistical analysis
All calculations were made using RevMan v5.3. Mean difference (MD) with a 95% CI was calculated for continuous data. Odds ratios with 95% CI were calculated for dichotomous data. Heterogeneity among studies was estimated using the I 2 statistic; substantial heterogeneity was represented by I 2 > 50%. A fixedeffects model was used if the heterogeneity test did not reveal significance (I 2 < 50%; P > 0.1). Otherwise, we adopted the random-effects model. P < 0.05 was considered significant. Sensitivity analysis was performed to explore the impact of an individual study by deleting 1 study each time.
Results

Search results
The initial search resulted in 63 articles, among which 57 had been identified as duplicated studies and excluded. By screening the titles and reading the abstracts and the full texts, 3 studies were excluded without meeting the inclusion criteria. Ultimately, we included 3 studies [18, 21, 26] with 337 patients for data extraction and meta-analysis (Fig. 1) , with sample sizes ranging from 40 to 198. Of these 337 patients, there were 171 patients in the combined group and 166 patients in the PI alone group. 
Study characteristics and quality assessment
The characteristics of the 3 involved studies are presented in Table 1 . The publication dates of eligible studies ranged from 2013 to 2016. There were 2 RCTs [18, 26] and 1 nRCT [21] in the included studies. All the researchers conducted were for unilateral primary TKA. In the included studies, subjects had similar demographic data in the 2 groups. All trials used spinal anesthesia. Spinal anesthesia was performed using hyperbaric bupivacaine 12.5 to 15 mg administered via the L3-4 or L2-3 vertebral interspaces in 1 trial; [18] another trial [26] used 2 mL of 0.5% bupivacaine with 0.1 mg preservative-free morphine for spinal anesthesia; all patients received a standard spinal anesthetic with 15 mg of bupivacaine and 100 mg of morphine injected at the L2-3 or L3-4 levels in one trial. [21] All studies involved the use of intraoperative PI. The variation of the contents and methods used in the PI was noted. For instance, in the study by Sawhney et al, [26] 20 mL of PI solution was injected Table 1 Characteristics of the included studies. [18] 20/20 9/10 69/66 Spinal 100 mL of ropivacaine 2 mg/ mL and epinephrine 10 mg/mL
An ACB with 15 mL boluses of ropivacaine 7.5 mg/mL twice daily for 2 postoperative days in addition to intraoperative PI Acetaminophen, morphine, PCA morphine a, b, d, e 6
Perlas et al 2013 [21] 101/97 40/32 64.6 ± 10.1/ 67.6 ± 9. Sawhney et al 2016 [26] 50/49 21/18 68.3 ± 9.7/ 67.6 ± 9. into the posterior capsule and the medial and lateral ligaments just before implantation; after insertion of the implants, another 20 mL was infiltrated into the capsule and retinacular tissues; the remaining solution was used to infiltrate the muscle and subcutaneous tissues. In the study by Andersen et al [18] half of the PI solution was injected in the posterior joint capsule and along the meniscectomy line, and the other half was injected in the anterior joint capsule along the incision line before closure. The posterior capsule was infiltrated with PI solution before placement of the prosthesis, and the periarticular and superficial soft tissues were infiltrated after the prosthesis was in place and before wound closure in the study by Perlas et al. [21] The diversity of concomitant pain management among included studies was also noted. Outcomes of functional scores, rehabilitation, range of motion, cost, and postoperative quadriceps strength were not analyzed owing to insufficient data.
Total scores of the 2 RCTs [18, 26] showed the quality of the 2 trials to be high (mJS scores = 6 and 7). According to the NOQAS, the remaining 1 study [21] scored 7 points (which denoted high quality) ( Table 1 ).
3.3.
Results of the meta-analysis 3.3.1. Numerical rating scale score. Data from 2 studies [18, 21] on 238 patients were available to examine the pain score during rest on postoperative day (POD) 0. No significant difference was found between the ACB + PI and the PI groups (MD = À0.87, 95% CI: À2.92 to 1.19, P = 0.41; Fig. 2 ). Three studies [18, 21, 26] including 334 patients reported the pain score during rest on POD 1. The results were similar in the 2 groups (MD = 0.03, 95% CI: À0.53 to 0.59, P = 0.91; Fig. 2 ). Three studies [18, 21, 26] with 334 patients showed the pain score during rest on POD 2. The difference showed no statistical significance in the 2 groups (MD = 0.51, 95% CI: À0.02 to 1.03, P = 0.06; Fig. 2) .
Two studies [18, 21] involving 238 patients reported the pain score during activity on POD 0, and no significant difference was found between the ACB + PI and the PI groups (MD = À1.12, 95% CI: À3.66 to 1.42, P = 0.39; Fig. 3 ). Three studies [18, 21, 26] with 334 patients showed the pain score during activity on POD 1. Meta-analysis revealed no significant differences between the 2 groups (MD = À0.61, 95% CI: À2.11 to 0.89, P = 0.43; Fig. 3 ). Three studies [18, 21, 26] including 334 patients reported the pain score during activity on POD 2. There were no significant differences between the 2 groups (MD = 0.06, 95% CI: À1.43 to 1.55, P = 0.94; Fig. 3 ).
Morphine consumption.
Two studies [18, 21] with 238 patients reported morphine consumption. There were no significant differences in morphine consumption between the ACB + PI and the PI groups on POD 0, POD 1, and POD 2 (MD POD 0 = À6.81, 95% CI:-19.06 to 5.44, P = 0.28; MD POD 1 = 1.86, 95% CI: À3.56 to 7.28, P = 0.50; MD POD 2 = 3.72, 95% CI: À0.27 to 7.71, P = 0.07) (Fig. 4). 3.3.3. Distance walked. Two studies [21, 26] with 297 patients reported the early postoperative ambulation defined as the distance walked, measured in meters, on POD 1 and 2. The ACB + PI group was associated with longer distances walked than the PI group on POD 1 (MD = 7.27, 95% CI: 0.43 to 14.12, P = 0.04; Fig. 5 ). There were no significant differences in distance walked between the 2 groups on POD 2 (MD = 0.64, 95% CI:-5.67 to 6.96, P = 0.84; Fig. 5 ).
3.3.4. Length of hospital stay. Data were available from 2 studies [18, 21] involving 238 patients. There were no statistical differences in the length of hospital stay between the 2 groups (MD = À0.00, 95% CI: -0.19, 0.19, P = 1.00) (Fig. 6 ).
3.3.5.
Complications. Three studies [18, 21, 26] including 337 patients described complications such as opioid-related adverse effects, local anesthetic systemic toxicity (LAST), and complications directly attributable to the nerve blocks. Total prevalence of complications showed no significant difference (RD = À0.01, Figure 2 . Forest plot analyses of NRS scores at rest within POD 2. NRS = numerical rating scale, POD = postoperative day.
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Medicine 95% CI: À0.04 to 0.02, P = 0.69) between the ACB + PI and the PI groups (Fig. 7) .
Discussion
To our knowledge, this is the first meta-analysis to investigate the efficacy and safety of combined ACB with PI as compared to PI alone for pain management after TKA. We found that combined ACB with PI for patients undergoing TKA achieved earlier ambulation compared with PI alone in the early postoperative period. However, there was no significant difference in pain score, morphine consumption, and length of hospital stay between the 2 groups. Furthermore, combined ACB with PI did not increase the risk of opioid-related adverse effects, LAST, complications directly attributable to the nerve blocks, or other complications. With respect to mobilization ability recovery, the meta-analysis showed that patients in the ACB + PI group promoted earlier postoperative ambulation than those in the PI group. This difference may be considered clinically relevant, given the desire for early and effective rehabilitation after TKA. Early ambulation within 24 hours after TKA has been shown to help increase range of motion, decrease deep venous thrombosis of the legs, enhance muscle strength and gait control, and reduce length of hospital stay. [27, 28] Sawhney et al [26] performing a prospective RCT examining the effect of ACB with PI versus PI only and suggested that there was no difference between the groups regarding distance walked. PI has gained widespread acceptance and use because of its effectiveness in providing postoperative analgesia and promoting rehabilitation without quadriceps muscle strength weakness. [15] [16] [17] 19] Nevertheless, the problem is that intraoperative LIA is only effective for the first 6 to 12 hours after TKA. [18, 19] The adductor canal is an aponeurotic space in the thigh, extending from the apex of the femoral triangle to the adductor hiatus. [22] Most nerves in the adductor canal are sensory nerves dominating knee joints. [13] The ACB therefore seems to induce sensory anesthesia to the knee with potentially limited impact on motor function. Andersen et al [18] suggested that the ACB was effective as a rescue block when PI failed to control pain. Perlas et al [21] demonstrated that the addition of ACB to PI was associated with further improvement in early ambulation benchmarks and a higher rate of home discharge compared with PI alone. Besides, Andersen et al [18] conducted an RCT including 40 patients undergoing TKA (20 patients receiving ACB in addition to PI and 20 patients receiving PI) found that all patients in the ACB + PI group were able to ambulate on the day of surgery versus 13 patients in the PI group (P = 0.004). It appears that the addition of a selective ACB to PI is preferable to PI alone for early postoperative rehabilitation after TKA.
Regarding the pain control and morphine consumption, Sawhney et al [26] found that the combination of AC block and PI provided better pain relief and did not compromise ambulation compared with PI block only. The results of this trial are similar to the results reported in other trial by Andersen et al. [18] They detected that a saphenous nerve block at mid-thigh level, as a supplement to single-dose PI after TKA, significantly reduced pain scores during knee movement and at rest on the day of surgery compared with PI alone with no differences in morphine consumption. The possible reason for combined ACB with PI inducing more complete analgesic effect compared with using PI alone is that ACB combined with PI has the ability to provide local anesthetic to the anterior, medial, lateral, and posterior aspects of the knee. [26] However, our study failed to demonstrate any significant difference in pain control and morphine consumption between the ACB + PI and PI groups. Our findings were consistent with 1 recently published study that showed no significant difference in pain relief and morphine consumption between the ACB + PI and PI groups after TKA. [21] Thus, the combination of ACB and PI seems to allow for earlier rehabilitation exercise than PI alone with equivalent pain control.
The main concern regarding combined application of ACB and PI has been the incidence of LAST events in TKA. LAST is an uncommon complication associated with local infiltration analgesia in TKA but can be fatal if it develops into cardiac arrest. [29] In our meta-analysis, no significant differences were observed in the prevalence of postoperative complications including LAST between the ACB + PI and PI groups. Moreover, numerous studies [18, 21, 26] have shown that there were no documented cases of major or minor symptoms suggestive of LAST after TKA, and no changes in neurologic status, evidence of seizure activity, or evidence of cardiac toxicity were noted in any patient in their studies. However, they did not test plasma levels of local anesthetic to assess for the concentration of local anesthetic in the blood stream and thus cannot conclude there is no risk of LAST. Additional research on the safety of the 2 analgesic techniques including the risk of LAST needs to be conducted.
Our meta-analysis had 4 main limitations. First, we included only studies written in English, so some relevant studies in other languages may have been missed. Second, only 3 reports were included and the sample size of each study was small, which limited the statistical power of our meta-analysis. Third, the variation of the contents and doses of analgesics in ACB + PI and PI groups between studies may influence direct comparison between them. And the concomitant anesthesia methods were not entirely consistent among included studies, which presented challenges in evaluating the value of the intervention techniques alone. Fourth, we only assessed the participants in hospital without a long-term follow-up, which might underestimate the rates of some complications such as infection. Last, the functional outcome, range of motion, cost, and postoperative quadriceps strength measures could not be analyzed due to insufficient data. Therefore, high-quality and large-scale clinical trials and systemic reviews are needed to confirm these findings in the future.
Conclusions
Combined ACB with PI appeared to be associated with improved early ambulation without a reduction in analgesia compared with PI alone for pain management in patients undergoing TKA. No significant differences were seen in the morphine consumption, length of hospital stay, and postoperative complications between the 2 groups. However, due to the limitations in the included studies, more large-sample and high-quality clinical trials and systemic reviews are needed in the future to demonstrate the efficacy and safety of combined ACB with PI as compared to PI alone after TKA.
